A model has been proposed by Valentine (1991) to explain how high levels of experience could increase recognition abilities for other-race faces. In his model, Valentine suggests that the great number of faces we encounter during life could be represented as individual points (one for each face) that would be encoded on a multidimensional space where each dimension is a physiognomic characteristic useful for the encoding of a face.
Valentine accounts for the other-race effect by proposing that the dimensions of the face space are based on the subject's experience with faces that belong mainly to his or her own race Valentine 1991; Valentine and Endo 1992) . So, the dimensions underlying the space will be the most appropriate for discriminating a person of the same race, whereas other dimensions would be required for other race faces. Hence,`foreign' faces will be encoded on dimensions that are not relevant to their accurate processing and will be highly clustered because they share many characteristics in common. Finally, Valentine also suggests that the representation of the face within the multidimensional space could provide appropriate encoding for other kind of tasks. For example, the sex, race, and age of the face could be judged by the region of the space in which a face is encoded, and these perceptual tasks could be performed by paying attention to relevant dimensions.
Some support for this point of view has been found in recent studies involving a connectionist approach. Some authors have simulated the other-race effect as a perceptual learning problem (O'Toole et al 1991 (O'Toole et al , 1994 (O'Toole et al , 1995 . They presented an autoassociative network with a lot of digitalised Caucasian and a few digitalised Japanese faces to simulate a majority and a minority group. During the simulation of a recognition task, they found that the network was better at discriminating new faces when they belonged to the majority group than when they belonged to the minority group (O'Toole et al 1991a , in O'Toole et al 1995 .
Moreover, they found an accurate race classification performed by the network even though it had not been trained for this purpose (O'Toole et al 1991b , in O'Toole et al 1995 . Thus, they demonstrated that the relevant dimensions could spontaneously emerge from the statistical structure of the learned faces and, in particular, that the information suitable for classification tasks could form part of the information used in the recognition task. Hence, a race bias is also expected in a variety of classification or discriminating tasks, such as race classification, sex discrimination, and other tasks that can be performed by looking at a person's face. Recently, studies have shown a differential process for other-race faces in a sex-discrimination task (O'Toole et al 1996) and in a race-classification task (Levin 1996 (Levin , 2000 .
Until now, no attempt has been made to investigate the influence of race membership on the ability to perceive the age of a person from the face. So, the main goal of this study was to investigate whether or not a race effect extends to age estimation, ie another task involving visually derived semantics (Bruce and Young 1986) . In a recent study, Burt and Perrett (1995) investigated visual cues to age. Instead of using typical mathematical transformations (for example, Pittenger and Shaw 1975) they were interested in a more`ecological' approach and used composite images made from information (the shape and the colour information) gathered from real face pictures. Actually, their main goal was to try to develop a procedure to manipulate the perceived age of a face. Therefore, they presented younger and older Caucasian subjects with actual faces and manipulated faces belonging to members of their own race. The manipulated faces consisted of faces with either shape transformation, colour transformation, or both shape and colour transformations. They asked the subjects to estimate the age of each face and found that, for the faces that were not manipulated, the perceived age was relatively close to the actual age of the faces and that younger and older subjects displayed a similar pattern of judgments. They also found that each of the transformations increased the perceived age of the manipulated faces relative to the original ones and that the combined shape and colour transformation was significantly more efficient than the other transformations alone. Of most importance to the present study was the result that people are accurate when estimating the age of faces belonging to members of their own race.
In the present study, we assessed the accuracy with which people can estimate the age of faces belonging to their ethnic group relative to their performance for otherrace faces. To this purpose, pictures of Caucasian and African males and females were shown to participants from the same ethnic and gender groups. O'Toole and colleagues (1996) , using a sex-judgment task, have already emphasised that the existence of such an effect would suggest that the differential experience people have with various populations of faces influences the quality of facial representations in memory, as well as the accuracy of perceptual processes. On the other hand, age-based cues may be shared universally across cultures (Berry and McArthur 1986) .
Methods

Participants
One hundred and twelve volunteers between 20 and 45 years of age participated in the experiment. They were sixty Belgian Caucasians (thirty females and thirty males; mean age 32X15 years, SD 8X48 years) and fifty-two Africans (twenty-six females and twenty-six males; mean age 30X53 years, SD 8X16 years). The African participants were native to the Democratic Republic of Congo and their time of residence in Belgium ranged from 5 to 35 years (mean 15X35 years, SD 8X46 years). All participants lived in the French-speaking area of Belgium.
Stimuli
The faces consisted of digitised colour photographs (210 pixels wide6285 pixels high images with a resolution of 800 dots per inch) of seventy-two Caucasian (thirty-six female and thirty-six male) and seventy-two African (thirty-six female and thirty-six male) faces ranging from 20 to 45 years old. For each photograph, the background and other peripheral cues to age such as hair and ears were removed by embedding the face into an oval shape.
Those modifications were made to ensure that the subjects actually based their estimations on facial attributes and not on some more peripheral elements such as the texture or the amount of hair and/or the presence of earrings for women. The height of the resulting faces was constant (ie 10 cm) and the width ranged from 6.1 to 8 cm. The faces were printed on a laser printer, then cut and pasted onto standard blank cards (10 cm615 cm).
Procedure
Participants were tested individually. Faces were presented individually and once only. The order of presentation was randomised for each subject. They were told that the experimenter would show them male and female faces belonging either to Caucasian or African people. They were asked to estimate the age of the person as accurately as possible and then write it on a sheet of paper. The experimenter recorded the subject's comments but did not answer any question during the experiment. Subjects observed and responded at their own pace. At the end of testing, they were told that they could ask questions or give comments about the task and the experimenter noted all the remarks. Finally, participants were debriefed.
Results
Estimation errors
For each photograph, the actual age of the face was subtracted from the subject's estimation. Hence, we obtained the difference between the estimation and the actual age of the person presented on the photograph. This deviation was considered as an absolute value.
Indeed, we were interested in characterising how much estimation deviated from the actual age of a face, regardless whether it was an overestimation or underestimation of the age. These global errors were averaged for each group of faces (females and males from both ethnic groups). Then a 26262 mixed factorial ANOVA was performed on these scores taking the`race of subject' (African versus Caucasian) and the`sex of subject' as between-subjects factors, and the`race of face' (African versus Caucasian) and the`sex of face' as within-subjects factors. This analysis showed a significant main effect of`race of face' (F 1 108 20X015, p 5 0X0001). A posteriori comparisons (HSD Tukey tests) indicated that, globally, the ages of Caucasian faces (mean 6X63 years, SD 3X20 years) were better estimated than the ages of African faces (mean 7X30 years, SD 2X95 years). The ANOVA also revealed a significant main effect of the`sex of face' (F 1 108 4X022, p 5 0X05) in which the ages of males were globally better evaluated (mean 6X85 years, SD 3X07 years) than the ages of females (mean 7X09 years, SD 3X13 years). Additionally, a significant`race of face'6`sex of face' interaction (F 1 108 13X714, p 5 0X001) was found, indicating that the ages of Caucasian males (mean 6X92 years, SD 3X03 years) were better estimated than the ages of Caucasian females (mean 7X25 years, SD 3X12 years) whereas African female (mean 6X93 years, SD 3X13 years) and male (mean 6X80 years, SD 3X11 years) ages were estimated at the same level. Finally, this analysis revealed the expected significant`race of subject'6`race of face' interaction (F 1 108 26X703, p 5 0X00001) depicted in figure 1. A posteriori analysis showed an other-race effect at least for Caucasian participants.
That is, Caucasian participants were better at estimating the age of Caucasian faces (mean 6X35 years, SD 3X13 years) than African faces (mean 7X79 years, SD 2X96 years) whereas the performance of African participants did not differ with the kind of face (mean 6X98 years, SD 3X25 years and mean 6X79 years, SD 2X86 years for Caucasian and African faces, respectively). 
Direction of the bias
In the previous analysis, we were interested in characterising the degree to which an estimation deviated from the actual age of a face. We considered the deviation as an absolute value. We will now analyse the direction of the bias in each group. Table 1 shows the frequency of either underestimation or overestimation for each group of faces given by each group of subjects. Overall, regardless of the kind of face participants were presented with, both groups of participants overestimated the age of faces (w 2 3 1X69, p 0X64).
Time of residence
In order to test the contact hypothesis, we examined the correlation between the time of residence of the African subjects and their estimations of age for the Caucasian faces. A negative correlation between these two variables was expected, which would have suggested that the more the African subjects experience the Caucasian faces, the fewer errors they make in estimating the ages of these faces. However, we failed to obtain a significant negative correlation (Pearson r 0X046, p 0X743).
Discussion
As expected, the present study showed a significant interaction between the race of the subject and the race of the face. However, the results did not reveal the ideal full crossover interaction. Indeed, the estimation errors for Caucasian subjects were weaker for Caucasian faces than for African faces whereas estimations were comparable whatever the race of the faces for the African subjects.
The contact hypothesis, suggesting that the more you experience other-race faces the more accurately you process them, was then tested. In other words, a negative correlation was expected between the time of residence of the African subjects and their performance for Caucasian faces. We failed to obtain such a correlation. However, the African subjects' performance can still be explained in terms of the length of their residence in the country.
Indeed, all the African subjects have been living in Belgium for at least 5 years; some were born or grew up in Belgium. Hence, they have all been exposed to Caucasian faces daily in their social or in their occupational life and, therefore, they have all had the opportunity to experience a sufficient number of Caucasian faces to allow them to use more relevant cues to discriminate those faces. Since all our African subjects were in Belgium for at least 5 years, the failure to obtain the expected negative correlation might simply reflect the fact that 5 years is a sufficient exposition period to reach a significant level of expertise for Caucasian faces. In some ways, the failure to obtain this negative correlation in the present study did not challenge the contact hypothesis but rather supported it. As additional support for this explanation, Goldstein and Chance (1985) showed that it was possible to improve recognition abilities for other-race faces by training subjects to learn other-race face-digit pairs over a period of only a few weeks (see also Elliott et al 1973; Lavrakas et al 1976; and Malpass 1981 for a review).
In conclusion, this study showed a race bias in the perception of age for unfamiliar people. The fact that the other-race phenomenon can be extended to an age-discriminating task supports O'Toole et al 's (1996) claim that the experience people have with faces not only affects their recognition abilities but also their perceptual discrimination processes.
This still raises the question of the relative quality of the information used by eyewitnesses in their descriptions when a member of another ethnic group was involved. Indeed, eyewitnesses' descriptions of unfamiliar people mainly consist of general information such as the age or the gender. However, in the extraction of both types of information, people have been shown to be less accurate when processing an other-race face than an own-race face. This suggests that people have to be cautious with eyewitnesses' declarations regarding, at least, the age of an other-race person since in this case they are more likely to be inaccurate than if they were determining the age of a person belonging to their ethnic group. Finally, for historical reasons, most studies in the`other-race' domain have been focused on recognition tasks and have already provided a large amount of information. In some ways, the use of an age-estimation task in this experiment could also allow one to specify the recognition abilities (Levin 2000) . Indeed, the perceptive processes were shown to be affected by a race bias and the resulting`biased' information could in turn affect the persons' recognition.
